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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with inter-cell multi-TRP enhancements:
3. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
In 3GPP RAN1 Meeting #104-e, a new set of agreements were achieved. 
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit
Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.
Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit
Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e
· Option1: Indicate/associate non-serving cell PCI in the TCI state
· FFS other non-serving cell information
· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell
· FFS: how the flag is linked to non-serving cell
· Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
· FFS: Each group is associated with a CORESETPoolIndex value.
· FFS: how to link the group of TCI states to non-serving cell.
· Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …
· FFS: detailed re-indexing rule(s) of non-serving cell RSs 
· Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 
· FFS: how the indicator is linked to non-serving cell
· Note: when there is only one non-serving cell, it means the same as Option2.
Agreement
Agree on scheme1
· Scheme1: PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI
· FFS: whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 
· FFS: whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB
Conclusion
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.
· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.
In this contribution, further discussions on inter-cell multi-TRP enhancements are provided.

Discussion 
Discussion and clarification on “non-serving cell”
First of all, the term “non-serving cell”, though widely used in the discussions so far, is not quite accurate and may cause confusion. Though it is understandable that it is to contrast with the well-defined “serving cell”, the so-called non-serving cell can serve the UE and transmit/receive with the UE. It would be clearer if RAN1 can differentiate the following:
· Serving cell, configured as PCell or SCell for a UE
· A cell that is not a PCell or SCell but can transmit/receive signals/channels with the UE. This may be called as “cooperating cell” or “assisting cell”.
· A cell that is not a PCell or SCell, cannot transmit/receive signals/channels with the UE, but it is one within the CoMP set for the UE. This may be called as “coordinated cell”.
· A cell that is not a PCell or SCell, cannot transmit/receive signals/channels with the UE, not within the CoMP set, and may interfere the UE.
Only the first one is a serving cell according to existing definition in the standards, and the others are all non-serving. Clearly, a better term may be needed for this WI, such as “cooperating cell” or “assisting cell”. The rest of the contribution still uses “non-serving cell”, but it should be understood that it means “cooperating cell” or the like.
Proposal 1: For inter-cell multi-TRP enhancement, replace the term “non-serving cell” with “cooperating cell” or the like.

Furthermore, there were questions in the previous meeting about the motivation to use inter-cell M-TRP, i.e., a non-serving cell, instead of intra-cell M-TRP. It is important to understand why a “cell” is needed here, from a UE perspective and also from the standards perspective. This is related to the fundamental point we have made in our past contributions, that is, the deployment scenario, which is different from intra-cell M-TRP. 
· For intra-cell M-TRP:
Generally, fast/ideal backhaul and coordination can be assumed, tight/ideal time/frequency/phase synchronization can be assumed, and the distance between the TRPs is not large. Therefore, from the UE perspective, the TRPs share many common properties, such as the same time/frequency/phase synchronization, and thus one source, i.e., one PCI/SSB is sufficient for the UE to communicate with the TRPs. An intra-cell TRP’s rough synchronization can be derived from the serving cell TRP, and a signal/antenna port of the intra-cell TRP may be directly or indirectly QCLed to that of the serving cell TRP. Whether the intra-cell TRP has a PCI or not can be transparent to the UE.
· For inter-cell M-TRP:
Generally, fast/ideal backhaul and coordination may not be assumed, tight/ideal time/frequency/phase synchronization may not be assumed, and the distance between the TRPs can be large. Therefore, from the UE perspective, most of the properties can be different for the TRPs, such as the time/frequency/phase synchronization and other large/small-scale channel properties. As a result, one source, i.e., one PCI/SSB is not sufficient, and TRP-specific sources, i.e., separate PCIs/SSBs, are required for the UE to communicate with the TRPs, if the TRPs are allowed to be potentially non-co-located, potentially non-ideal backhaul connected, and/or potentially standalone, with very different channel properties. Due to these different channel properties, they cannot be operating as totally transparent to UE as in intra-cell, co-located or nearly co-located, ideal backhaul connected TRP operating in a non-standalone fashion.
Although RAN1 has concluded that UE may assume received DL transmission from multiple inter-cell TRPs are within one CP, it should be appreciated that the properties for inter-cell M-TRPs are more different than those for intra-cell M-TRPs. A signal/antenna port of the inter-cell TRP shall not be directly or indirectly QCLed to that of the serving cell TRP.
Essentially, the QCL relationship widely used in intra-cell M-TRP is no longer suitable for inter-cell M-TRP. In contrast to the term QCL, we may use a term non-co-location (NCL) for convenience. This term may or may not need to be introduced in 3GPP standards, but it can be useful/convenient in discussions to emphasize the fundamental difference between intra-cell M-TRP and inter-cell M-TRP. Therefore, for intra-cell M-TRP versus inter-cell M-TRP:
· For an intra-cell M-TRP, a signal/antenna port is directly or indirectly quasi-co-located (QCLed) to the serving cell (i.e., the serving cell’s SSB).
· For an inter-cell M-TRP, a signal/antenna port is non-co-located (NCLed) to the serving cell (i.e., the serving cell’s SSB) and is directly or indirectly QCLed to the non-serving cell’s SSB.

Proposal 2: For an inter-cell TRP, a signal/antenna port is non-co-located (NCLed) to the serving cell (i.e., the serving cell’s SSB) and is directly or indirectly QCLed to the non-serving cell’s SSB.

PCI indication
As agreed, non-serving PCI needs to be included for inter-cell M-TRP operation, but whether the indication of PCI should be implicit or explicit needs to be decided. For this purpose, we can revisit/reuse some relevant Rel-16 design if possible.
In Rel-16 design, the SSB of an inter-cell TRP cannot be configured/acquired based on existing standardized mechanisms for serving cells (PCell and SCells) in most of the features. The exception is for the UE sounding procedure for positioning purposes, so that the UE can transmit SRS based on the pathloss to a neighboring/non-serving cell, called NCell. Some related excerpts from TS38.214 and TS38.331 are:
	[bookmark: _Toc52457846][bookmark: _Toc45810636][bookmark: _Toc36645587][bookmark: _Toc29674357][bookmark: _Toc29673364][bookmark: _Toc29673223]6.2.1.4	UE sounding procedure for positioning purposes
When the SRS is configured by the higher layer parameter SRS-PosResource-r16 and if the higher layer parameter spatialRelationInfoPos-r16 is configured, it contains the ID of the configuration fields of a reference RS according to Clause 6.3.2 of [TS 38.331]. The reference RS can be an SRS configured by the higher layer parameter SRS-Resource or SRS-PosResource-r16, CSI-RS, SS/PBCH block, or a DL PRS configured on a serving cell or a SS/PBCH block or a DL PRS configured on a non-serving cell. 
The UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol.
If the UE is not configured with the higher layer parameter spatialRelationInfoPos-r16 the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource-r16 across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources. 
The UE is only expected to transmit an SRS configured the by the higher layer parameter SRS-PosResource-r16 within the active UL BWP of the UE.
When the configuration of SRS is done by the higher layer parameter SRS-PosResource-r16, the UE can only be provided with a single RS source in spatialRelationInfoPos-r16 per SRS resource for positioning.
For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource-r16 collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 
The UE does not expect to be configured with SRS-PosResource-r16 on a BWP not configured with PUSCH/PUCCH transmission.
	SSB-InfoNCell field descriptions

	physicalCellId
This field specifies the physical cell ID of the neighbour cell for which SSB configuration is provided.

	ssb-IndexNcell
This field specifies the index of the SSB for a neighbour cell. See TS 38.213 [13]. If this field is absent, the UE determines the ssb-IndexNcell of the physicalCellId
based on its SSB measurement from the cell.

	ssb-Configuration
This field specifies the full configuration of the SSB. If this field is absent, the UE obtains the configuration for the SSB from nr-SSB-Config received as part of DL PRS assistance data in LPP, see TS 37.355 [49], by looking up the corresponding SSB configuration using the field physicalCellId.


    pathlossReferenceRS-Pos-r16                 CHOICE {
        ssb-IndexServing-r16                        SSB-Index,
        ssb-Ncell-r16                               SSB-InfoNcell-r16,
        dl-PRS-r16                                  DL-PRS-Info-r16
    }                                                                                                   OPTIONAL, -- Need M
	ssb-IndexSevingcell
Indicates SSB index belonging to a serving cell

	ssb-NCell
This field indicates a SSB configuration from neighboring cell





[bookmark: _Hlk67575279]The PCI physicalCellId is included in the RRC configuration. It seems that this explicit configuration mechanism already exists in the standards and could be directly reused for the enhancements. 
On the other hand, for implicit indication of PCI, it may not include the field physicalCellId, but the serving cell still needs to configure other fields for the non-serving cell, such as SSB, so that the UE can search the SSB and acquire the PCI. The justification for the implicit indication of PCI, however, is questionable. The saved RRC configuration overhead is almost negligible. The UE search may have higher detection error probability and longer latency. Therefore, we support explicit configuration of the PCI.

Proposal 3: Explicitly configure the non-serving cell PCI as physicalCellId, reusing Rel-16 mechanism as much as possible.

Other non-serving cell information
In the past meeting, SSB time domain position, SSB transmission periodicity, and SSB transmission power have been agreed, in which the SSB time domain position and SSB transmission periodicity can be used to search the SSB, and SSB transmission power can be used for UL power control. 
As analyzed above, Rel-17 design should reuse the Rel-16 scheme for neighbor cell SSB/RS configuration as much as possible. However, in Rel-16, the neighbor cell’s may have different parameters such as BWP bandwidth, SCS, etc., than the serving cell’s, and hence those parameters may need to be configured for the UE. In Rel-17 M-TRP, however, those parameters are aligned with the serving cell and can be derived by the UE without configuration, and hence the UE may ignore those parameters, or to avoid any ambiguity, those parameters may be removed from the configuration. In addition, the SSB index for the non-serving cell may be needed.	
Once the non-serving cell’s PCI/SSB are acquired by the UE, the non-serving cell can be considered as connected with the UE, and the UE may be further configured with other RS/channels and QCL/TCI just the same way as the serving cell or intra-cell M-TRP. Therefore, the Rel-16 scheme for RS/channel/QCL/TCI configuration can be reused as much as possible.

Proposal 4: Explicitly configure the non-serving cell SSB index.

QCL/TCI and NCL
We further discuss QCL/TCI, NCL, and the five options.
QCL is defined as a relationship between different antenna ports, and via QCL, the signals, channels, and resources of a cell can be linked together. Then TRS/CSI-RS/DMRS/SRS of the inter-cell TRP can be QCLed to the SSB, directly or indirectly via other RS. For example, in the case of SDM with overlapping time/frequency resources, the multiple PDSCH DMRS ports are QCLed to TRS/CSI-RS of the respective TRPs (e.g., QCL Type A), and the TRS/CSI-RS are further QCLed to the SSBs of the respective TRPs (e.g., QCL Type C); in this case, the PDSCH DMRS ports are QCLed to the SSBs indirectly but the TRS/CSI-RS are QCLed to the SSBs directly. For another example, in the case of SDM with overlapping time/frequency resources, the multiple PDSCH DMRS ports may be directly QCLed to the SSBs of the respective TRPs (e.g., QCL Type C). Note that the PDSCH DMRS ports cannot be in one CDM group as they are for inter-cell TRPs, and DMRS ports in one CDM groups should be QCLed to the same source RS directly or indirectly. Likewise, PDCCH DMRS ports also need to have such QCL/TCI states configured, but the PDCCH DMRS ports for one PDCCH are all from one TRP (except for SFN). FDM/TDM can also be considered in similar but generally simpler ways.
In addition, the UL signal relation to some other signals, such as the pathloss RS relation, the spatial relation info, the relation defined by SRI, associated CSI-RS for SRS, DMRS and its associated channel, etc., may be generally viewed as extended QCL relation. Thus, each UL signal, such as SRS and PUCCH/PUSCH DMRS, can be “QCLed” to a SSB directly or indirectly. 
Therefore, for the serving cell and for the non-serving cell separately, all existing QCL types and DL-UL spatial relation info and SRI and PL RS relation, and all signals such as SSB, TRS, CSI-RS, SRS,  DL DMRS, SRS, and UL DMRS, as well as the associated channels and resources, can be linked directly or indirectly via QCL/TCI within each cell.
The standard also specifies that:
TS 38.211
The UE shall not assume that two antenna ports are quasi co-located with respect to any QCL type unless specified otherwise.
This essentially specifies that signals, channels, and resources are NCLed unless otherwise specified. For inter-cell M-TRP, the signals, channels, and resources from different cells experience different channels and should not be mixed, i.e., should not be QCLed, or should be NCLed. It is critical to ensure that that the signals, channels, and resources from different cells are NCLed, otherwise the inter-cell M-TRP operation can lead to errors, and the NCL relationship should also expand to cover DL-UL spatial relation info, PL RS relation, linkage via SRI, associated CSI-RS for SRS, DMRS and its associated channel, etc. That is, a signal, channel, and resource “QCLed” to a SSB directly or indirectly shall be “NCLed” to any signal, channel, and resource “QCLed” to another SSB directly or indirectly, where the “QCL” and “NCL” are generalized to cover all abovementioned relationship.
Clearly, via the QCL/TCI and NCL relationship, with two cells, all signals, channels, and resources form two separate groups, with no QCL/TCI relationship across the groups. This implies that implicit grouping in inter-cell M-TRP is feasible. Thus, any explicit grouping, such as via an explicit group ID, is not necessary.
With the non-serving SSB configured to the UE and based on the above analysis, it is questionable whether the CORESET pool indexes are still needed. The UE can link PDCCH (via PDCCH’s CORESET configuration and/or SS set configuration) as well as other transmissions/receptions to the inter-cell TRP via the QCL relation to the non-serving SSB, and hence the CORESET pool indexes do not need to be explicitly configured in this case. In fact, the CORESET pool index is an explicit ID used in Rel-16 to differentiate intra-cell TRPs, i.e., an alternative TRP ID or implicit TRP ID. This was necessary for Rel-16 as an intra-cell TRP does not have any ID. However, for Rel-17 inter-cell M-TRP, the inter-cell TRP already has an ID --- PCI, and there is no reason to introduce any other ID. Though some suggest to reuse the Rel-16 mechanism, we’d like to point out that the scenarios are different and the CORESET pool index is redundant and not needed.
Hence, for the 5 options, all explicit indexing/grouping options are not needed. What is necessary includes some rewording of Option 1 and Option 3 as follows:
Indicate/associate non-serving cell PCI via QCL/TCI state, which implicitly groups all RSs, channels, resources, and TCI states to the serving cell and the non-serving cell respectively.
We have the following proposals:
[bookmark: _Hlk53748112]Proposal 5: For inter-cell multi-TRP, generalize QCL types to include all existing QCL types, DL-UL spatial relation info, SRI relation, CSI-RS and SRS association, and PL RS relation.
Proposal 6: Indicate/associate non-serving cell PCI via QCL/TCI state, which implicitly groups all RSs, channels, resources, and TCI states to the serving cell and the non-serving cell respectively. CORESET pool index is not necessary.


[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed inter-cell multi-TRP operation. The following are proposed:
Proposal 1: For inter-cell multi-TRP enhancement, replace the term “non-serving cell” with “cooperating cell” or the like.
Proposal 2: For an inter-cell TRP, a signal/antenna port is non-co-located (NCLed) to the serving cell (i.e., the serving cell’s SSB) and is directly or indirectly QCLed to the non-serving cell’s SSB.
Proposal 3: Explicitly configure the non-serving cell PCI as physicalCellId, reusing Rel-16 mechanism as much as possible.
Proposal 4: Explicitly configure the non-serving cell SSB index.
Proposal 5: For inter-cell multi-TRP, generalize QCL types to include all existing QCL types, DL-UL spatial relation info, SRI relation, CSI-RS and SRS association, and PL RS relation.
Proposal 6: Indicate/associate non-serving cell PCI via QCL/TCI state, which implicitly groups all RSs, channels, resources, and TCI states to the serving cell and the non-serving cell respectively. CORESET pool index is not necessary.

